1. The importance of central vasomotor effects of endogenously generated angiotensin in the acute hypertensive response to renal artery constriction has been investigated in the anaesthetized greyhound.
Introduction
The release of renin from the kidneys and the generation of physiologically significant amounts of angiotensin in the blood has been reported to occur in at least two clinical situations, namely, during moderate haemorrhage (Hodge, Lowe & Vane, 1966) and in certain forms of renal hypertension (Brown, Davies, Lever & Robertson, 1964; Gross, Brunner & Ziegler, 1965) . The direct vasoconstrictor action of angiotensin has been assumed to be the important cardiovascular Correspondence: Dr G. C. Scroop, Department of Human Physiology and Pharmacology, University of Adelaide, South Australia 500t. 115 effect in these situations, at least in the early stages, but evidence is now accumulating to suggest that certain effects of angiotensin mediated by the autonomic nervous system may be equally important (Katie, Joy, Lavery, Lowe & Scroop, 1971; Dorr & Brody, 1966) . One of the most potent of these effects is shown when angiotensin is infused into the vertebral artery of the greyhound (Scroop & Lowe, 1968) or of man (Ueda, Uchida, Ueda, Gondaira & Katayama, 1969) . The response in the greyhound consists of increases in blood pressure, heart rate and cardiac output, the efferent pathways being the vagus nerves to the heart and the adrenergic nerves to the peripheral blood vessels (Scroop & Lowe, 1969) . The site of action is in the medulla, at or close to the areas postrema (Ueda, 1968; Joy & Lowe, 1970) .
Previous work has indicated that this central action of angiotensin makes a significant contribution both to the reflex cardiovascular adjustments that occur during moderate haemorrhage (Katie et al., 1971) and to the pressor response during intravenous infusions of angiotensin (Scroop, Katie, Joy & Lowe, 1971) . In the present experiments we have investigated the contribution of this central action to the pressor response following acute renal artery constriction in the unilaterally nephrectomized dog, where marked increases in plasma renin activity are known to occur (Bianchi, Tilde Tenconi & Lucca, 1970) . The results suggest that the central autonomic effects of angiotensin may playa significant part in the developmental stages of renal hypertension. rated angiotensin I (Johnston, Mendelsohn & Casley, 1969) .
In some experiments this whole procedure was repeated to establish reproducibility, but more commonly this initial observation period was followed by ablation of the areas postrema. Ablation was achieved by a dorsal approach through the fourth ventricle and the areas postrema were thermocoagulated under direct vision. Adequate ablation was checked by the absence of a pressor response to vertebral artery infusion of angiotensin II (31 pmol{min for 5 min; Hypertensin, Ciba) (Joy & Lowe, 1970) . When the dog had recovered from the ablation procedure and some control responses had been obtained (approximately 45 min), the renal artery constriction protocol described above was repeated.
As part of the control experiments the pressor responses to 5 min intravenous infusions of noradrenaline (59 nmol{min; Levophed, Winthrop) and 5 min periods of bilateral common carotid artery occlusion were monitored before and after ablation of the areas postrema. The experiments were performed in greyhounds of either sex weighing between 25 and 30 kg. Every greyhound had been subjected to unilateral nephrectomy approximately 1 month before the present experiments. The dogs were anaesthetized with alpha-chloralose [388 pmol (120 mg){kg] after premedication with morphine [7 pmol (2 mg){kg], both injected intravenously. An armoured endotracheal tube was inserted and artificial ventilation maintained throughout the experiments.
Blood pressure was monitored from a catheter inserted into one femoral artery and attached to a Statham P23 De transducer and model 7B Grass Polygraph. Catheters were inserted into both femoral veins to allow separate administration of drugs and extraction of blood samples for estimation of plasma renin activity. An infusion catheter was also inserted into one vertebral artery at the base of the neck. All catheters were inserted, by use of a modified Seldinger technique (Seldinger, 1953) , such that there was no significant obstruction to blood flow.
Renal artery blood flow to the one remaining kidney was recorded with a Carolina Medical Electronics square-wave electromagnetic flow-probe attached to an Electrical and Musical Industries type 28 flowmeter coupled to a model7B Grass Polygraph. An arterial occlusion device was positioned distal to the flow-probe both to allow measurement of zero flow and to enable renal blood flow to be partially restricted during observation periods according to the protocol described below. When all catheters had been inserted and the renal artery flow-probe and occlusion device applied, the greyhound was placed in a prone position. The head was fixed in a special frame to allow full flexion of the neck and easier exposure of the fourth ventricle.
When all variables were steady, there was a control period of 15 min, followed by a 40 min period during which the arterial occlusion device on the main renal artery was tightened in order to reduce renal blood flow by between 50 and 75%. The constricting device was then loosened to restore normal blood flow and the reported variables were monitored for a further 2(}-30 min. Throughout the whole observation period of about 90 min, venous blood samples [5 ml; replaced by 5 ml of sodium chloride (154 mmol/1)] were taken at 10 min intervals for estimation of plasma renin activity. This was achieved by radioimmunoassay of gene- Fig. 1 illustrates the typical pattern of responses of mean arterial pressure, venous plasma renin activity and renal blood flow during a 40 min period of renal artery constriction in one dog. Before ablation of the areas postrema a reduction in renal blood flow by approximately 50% caused a rise in plasma renin activity and mean blood pressure, which became stable within about 20 min, and after release of the constricting ligature, returned towards preconstriction values. After ablation, the pressor response to a similar period (40 min) of constriction was much less, despite a reduction in renal blood flow and increase in plasma renin activity of similar magnitude.
Results
Similar results were obtained in seven other dogs and the pooled data are presented in Table 1 . The average increase in mean arterial pressure before ablation (from resting to peak) was 24·3 ±2·8 mmHg (mean ± SEM), which was almost double the value (12,8 ± 1·9 mmHg) obtained after ablation. This difference in responsiveness was highly significant (P < 0'005), and occurred despite a similar increase (from resting to peak) in plasma renin activity on the two occasions (before ablation, 1·54 ± 0·51 pmol h _1 ml r"; after ablation, 1·42 ± 0·49 pmol h _1 ml-', P >0'5). There was no significant change in the resting mean pressure after ablation (P > 0'5), nor was there any significant change in resting values of plasma renin activity (P> 0'9) .
Previous work (Joy & Lowe, 1970; Scroop et al., 1971) has indicated that the only significant cardiovascular effect of ablation of the areas postrema is abolition of the central action of angiotensin. However, to confirm this in the present experiments, the effect of ablation on the pressor responses to noradrenaline injected intravenously and to bilateral common carotid artery occlusion were measured.
The pooled data from eight dogs are presented in Table 2 . Ablation of the areas postrema abolished the pressor response to vertebral artery infusions (31 pmol/rnin for 5 min) of angiotensin II (P < 0'001), and reduced the pressor response to renal artery constriction by approximately 50% (P < 0'005). However, the pressor response to bilateral carotid artery occlusion showed a small but significant enhancement after ablation (P < 0,02) and there was a small but non-significant (P > 0,2) reduction in the mean pressor response to intravenous noradrenaline (59 nmol/min for 5 min).
Discussion
The application of a Goldblatt-type clamp to the remaining renal artery in unilaterally nephrectomized dogs is one of the more reliable methods of generating experimental hypertension. Although, in the long term, the mechanism of the hypertension is not well understood, there is a peak in plasma renin activity in the first few days, and the hypertension may well be renin-dependent in the developmental stages (Bianchi et al., 1970) . The present results support this suggestion and, further, demonstrate that the increase in blood pressure relies to a significant degree upon the integrity of the areas postrema or immediately adjacent tissue. Any likelihood of non-specificity of the results obtained in the present experiments is excluded by the evidence that ablation of the areas postrema was without significant effect on the pressor response to intravenous noradrenaline and, in fact, enhanced the pressor response to carotid artery occlusion, although previous work had found no change in this latter response . We therefore conclude that the reduction in the pressor response to renal artery constriction after ablation of the areas postrema is due to removal of the central action of angiotensin.
Previous work in the same species has indicated that the cardiovascular response to moderate haemorrhage, another condition in which plasma renin activity has been shown to increase (Hodge et al., 1966) , receives a significant contribution from the central action of endogenously generated angiotensin (Katie et al., 1971) . It has also been demonstrated that the central action of angiotensin is responsible for approximately half of the pressor response to intravenous infusions of angiotension , which is of the same order as that attributed to endogenously generated angiotensin in the present experiments.
Although the role of the renin-angiotensin system in the development of renal hypertension has recently been questioned (Johnston, Hutchinson & Mendelsohn, 1970; Lancet Editorial, 1970) , there seems little doubt on a clinical basis that renin-dependent hypertension does exist (Bonnin, Edwards, Scroop, Skinner & Whelan, 1968; Veyrat, de Champlain, Boucher & Genest, 1964) .The central cardiovascular effects of angiotensin appear from our observations to play a part in the acute phase of experimental renal hypertension but their role, if any, in the chronic phase remains to be elucidated.
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